Abstract-The ever increasing pressure for better competitiveness in the insurance industry calls for models, methods and tools that can improve the analysis and understanding of insurance consumer behaviour. In this paper we elaborate on the conceptualisation of insurance consumer behaviour and propose a possible underlying model that reflects its core features. Subsequently we describe an agent-based-model simulation environment that enables the analysis of consumer behaviour towards insurance services. The proposed modelling approach takes into account both the price-quality trade-off of the insurance services, including the decoy effect, and the influence of the social network of the consumers. Experimental results show that the proposed approach enables the simulation of the decoy effect and the identification of the best price-quality trade-off of the decoy when promoting insurance services against each other.
I. INTRODUCTION
As many other financial sectors, the insurance industry is faced with increasing internationalisation and globalisation, and thus with increased competition. Moreover, phenomena such as ageing populations or the increasing opportunities in certain markets (e.g., Brazil, Russia, India, China, and Asia in general) further complicate insurance entrepreneurship. This makes that insurance companies face major challenges; to face such challenges they have to continuously innovate, in particular in terms of: a) the creation of new products and services that match the evolving characteristics of and demands from their customers and b) the improvement of their competitiveness by means of advanced marketing strategies and techniques, efficient distribution channels, and heterogeneous alliances (e.g., the bank insurance model).
In practice, this translates into the fact that insurance companies need to clearly understand the salient relations of their customers to insurance services, i.e., how they perceive threats and risks, the need for financial and psychological safety and security, how they compare and evaluate alternatives, and how they decide to (or not to) purchase insurance services. Obtaining this knowledge is not a trivial task and requires detailed and thorough analysis of data and information about consumer awareness, attitude, expectations, i.e., consumer behaviour with respect to insurance services. This is a complex issue and understanding all its facets makes it highly desirable to have access to new and/or improved models, methods, and tools.
Thus, in what follows we discuss three key topics of our work: the conceptualisation of insurance consumer behaviour (Subsection I.A); how Agent-Based-Modelling can be used for modelling and simulating insurance consumer behaviour in general (Subsection I.B); and the decoy effect (Subsection I.C). We then describe our proposed model and its implementation in Section II and Section III, respectively. We present experimental results in Section IV and conclude in Section V.
A. Conceptualising insurance consumer behaviour
The concept of insurance consumer behaviour is an integrated derivative of two other concepts -the concept of insurance and the concept of consumer behaviour. When evaluating insurance consumer behaviour one should get the gist of its constitutional concepts.
The concept of insurance, a form of risk management under the terms of which bearing the risk of a certain loss is transferred to another subject against a certain payment called insurance premium [1] , reflects the relationship between two insurance service contract parties -the insured and the insurer. In the context of this relationship, the essence of insurance is defined as the obligation of exchanging the consumer's risk with the financial and psychological safety provided as an insurance service by the insurer.
The insurance concept carries relationships which have historically developed as contractual and monetary relationships, as well as relationships between the parties based on uncertainty, risk, probability analysis and interpersonal communication. Thus the concept of insurance is manifold and of interdisciplinary nature [2] . Therefore, it can be analysed from the point of view of different scientific areas including, among others, law, economics, history, actuarial science, risk theory, sociology and financial computing.
One specific topic related to insurance is that of insurance consumer behaviour. Since theoretical issues of insurance consumer behaviour are not extensively researched, we believe that the studies and works of researchers who analyse consumer behaviour in general can provide the core knowledge that can be further developed to unfold the understanding of the insurance consumer behaviour concept. In what follows we briefly go through some of these works before elaborating on the concept of insurance consumer behaviour and a possible underlying model. Solomon, Bamossy, Askegaard and Hogg point out that consumer behaviour reflects consumer efforts to satisfy their needs: it starts with a germ of a certain consumer need (desire) and continues until its complete implementation [3] . Pikturnienė and Kurtinaitienė relate consumer behaviour with problems that surround consumers and explain consumer behaviour as a search for answers and solutions to consumers' problems [4] . Schiffman, Kanuk and Hansen highlight issues of consumer decision making including their considerations when purchasing and consuming products and services [5] . The notion that consumer behaviour is a process of consumer decision making is similarly supported by Loudon and Della Bitta [6] .
The definitions given by various authors (including the above-mentioned ones) let us conclude that consumer behaviour is a path in which consumer decisions get formed. It is a process composed of stages requiring the optimal combination of resources that are available to the consumer in a certain situation (time, finances, efforts and possibly others).
A possible definition of insurance service consumer behaviour, the formulation of the object studied in this work, can thus be provided: insurance consumer behaviour is namely the mental considerations and physical actions of the insured which are directed so as to satisfy the needs for insurance service consumption and to solve problems related with the search, evaluation, choice, purchase, consumption and refusal of certain insurance services [7] [8] .
Insurance consumer behaviour is the behaviour which is based on one's endeavour or refusal to consume insurance services. This behaviour is reflected by the whole of the insured's considerations, decisions and actions that are related with the satisfaction of needs for insurance services. In a broad sense, the concept of insurance consumer behaviour can be embedded as a continuous sequence of elements of the decision process when satisfying one's insurance needs. This is illustrated by the suggested model, where we provide our understanding of the whole of the constitutional parts of the concept of insurance consumer behaviour, looking at it from a process' point of view (see Fig. 1 The first significant stage, where the process of insurance consumer behaviour begins, is that of insurance decision making. Here making a resolve by the insured is, in a certain way, decisive and should be highlighted as a turning-point or a switchover moment to another stage, which flows out as a result of one's mental considerations and evaluation of his/her financial capacity of periodically paying a certain amount of insurance premiums to the insurer. The insured can take a decision concerning the need of an insurance service consciously as well as unconsciously.
After a resolve is made and a clear insurance decision is taken, the preparation of the insurance contract making starts. The insured contacts the insurance company, discusses questions concerning the insurance contract and signs documents certifying the completion of the contract. In this stage, all actions necessary for the completion of the insurance contract are made.
When the insurance contract comes into force (usually it is the case if the insured pays the first or onetime insurance premium), the insured in some way returns to the very first state of his/her insurance decision making consideration, i.e., during the time of the insurance period, the insurance service consumer observes, analyses and evaluates the actions made by the insurer, including the interpersonal communication experience as well as the flow of claim regulation in the case an insured accident happened. This is how the insured reconsiders and verifies the correctness of his decision.
As the insurance service is purchased, the insured accumulates his "lively" insurance experience and ascertains (or not) its usefulness and necessity. Here the impact of the insurer, whose services have been selected by the insured, plays a significant role: a negative insurance experience can choke the insured off the services provided by the same insurer as well as off insurance services in general. The experience gained by the insured confirms or disproves his initial decision, which allows making a resolve concerning insurance of the same or other objects.
The discussed process of insurance consumer behaviour is under the impact of a group of various internal and external factors. Under the group of internal factors one can find the psychological and individual ones. External factors include cultural and social factors. The importance of these factors is highlighted by Meidan [9] . His opinion is supported by other authors [7] [8].
B. Agent-Based-Modelling and insurance consumer behaviour
The modelling, analysis, exploration, and prediction of consumer behaviour can advantageously rely on and benefit from contemporary financial computing, a technological enabler that makes it possible to develop advanced methods and supporting software tools that can help the insurance sector. In this work we use a specific financial computing approach that builds upon Agent-Based Modelling (ABM), namely Agent-Based-Model Simulation (ABMS).
Reviewing the literature reveals that there exist several examples of successful application of ABMS to various economic and financial applications [10] , including consumer behaviour modelling [11] [12] . In some of our previous work [13] we have proposed a framework in which we use ABMS to model and study consumer purchase decision making with respect to insurance services. In that framework, population members are modelled by acting agents who mimic potential and already existing insurance service users. These agent-based consumers are characterised by their socio-demographic features that include overall experience, education, family nest status, purchasing power, and owned property.
Furthermore, these agent-based consumers interact with each other by means of social networks and they evolve in an environment where they get influenced by factors such as mortality rate, diseases and other accidents as well as their own and surrounding insurance culture. In turn, the agent-based consumers shape their motivations towards insurance services, i.e., they accumulate experience, improve their understanding and knowledge of such services, and over time their perception of the need for security evolves and so does their consideration of the usefulness of insurance services. All this leads to the purchase decision-making and subsequent actions (evaluation and possible renewal of insurance alternatives).
In the current paper, we describe how we augment our existing framework with an extension that enables modelling and simulating the so-called decoy effect in the context of insurance consumer behaviour.
C. The Decoy Effect
The decoy effect, also known as the asymmetric dominance effect, is generally described as a phenomenon that occurs when "an asymmetrically dominated alternative is dominated by one item in the set but not by another. Adding such an alternative to a choice set can increase the probability of choosing the item that dominates it" [14] .
Seen from a consumer behaviour point of view, this would imply that when faced with one product entirely dominated by another one and partially dominated by yet another one, the percentage of consumers inclined towards the entirely dominating product will increase. This effect can be turned into a marketing tool, i.e., the asymmetrically dominated option can be used as a decoy option with the purpose of increasing the sales of one of the two other options. The impact of the decoy effects on consumer purchase decision is further elaborated in, e.g., [15] and ABMS that takes the effect of decoys on consumer behaviour into account has been investigated in, e.g., [16] .
However, and to the best of our knowledge, there is no published work that considers the specific relation between the decoy effect and insurance consumer behaviour. In order to fill this gap, the two following contributions are presented in this paper: i) an insurance consumer behaviour model that includes the decoy effect and ii) an extension to our existing simulation framework that enables the simulation and evaluation of the said decoy effect on insurance consumer behaviour. [13] . The four lower ones are modelling the decoy extension: the effect of the decoy depends on both the price-quality trade-offs of the decoy and service alternatives as well as on the influence of the social network of consumers.
II. PROPOSED MODEL
In this section, we firstly introduce the essential points of our existing framework and secondly we detail the model underlying the decoy effect extension. As can be seen in Fig.  2 , the insurance service desire is influenced by two groups of factors: perception of need for insurance and perception of affordability. The first group is composed of parameters such as insurance culture, influence of network, social status, perception of need for security, etc. The second group is composed of the purchasing power (income minus expenditures). The detailed list of parameters and their respective weighting factors can be found in [13] . The extension proposed in the current work follows the insurance service desire: once a consumer has made up his/her mind about his/her desire for an insurance service, he/she goes through a price-quality ratio comparison process to determine which specific insurance service he/she decides to purchase. This process can be influenced by the inclusion of decoys in the choice set that the consumer is facing.
The model that we use for the decoy effect is inspired by that of [16] ; in this work we specifically adapt it to insurance services and to our existing framework. In our model, all insurance service alternatives (including the decoy one) are characterized by two parameters: price and quality. We define price as the combined price paid for i) the service premium and ii) the related deductible (excess) share. We define quality as the number of insurable risks and the expectable amount of their respective financial compensation. Price and quality examples can be found in Section 4. In our model, the effect of the decoy depends on two factors. The first factor is the respective price-quality ratios of the services (A, B) and of the decoy (D). Assuming that the difference between A and B in terms of price-quality ratio is relatively small, consumers will tend to prefer the service of which the price-quality ratio is the closest to that of the average ratio of all products. By choosing the right price-quality ratio for the decoy it is thus possible for the marketer to make that the average of the price-quality ratios of A, B, and D is closer to either that of A or B (see Fig. 3 ), and therefore increase the sales of the product of which the price-quality ratio is the closest to the average. Note that here price and quality values are normalized to their respective maxima.
The second factor is related to the social network of the consumers. As suggested in [16] , the sociological interactions among consumers account for a significant part of the decoy effect. In our model, we separate the impacts of the consumer's social network in two: its impact on the decision to buy an insurance service in general and its impact on the decision to select and purchase a specific service. It is the latter which is considered for modelling the decoy effect (the former is taken into account for modelling the insurance service desire, see [13] ). Fig. 2 shows how these two factors are added to our existing framework; the model for the specific insurance service purchase decision is summarized by Equations 1 to 3.
where 
Poors MiddleClassLowers MiddleClassUppers Riches
Service A Service B Decoy Pool of services 
III. IMPLEMENTATION
The proposed extension has been implemented in our existing framework [13] , programmed with NetLogo [17] . With the initial version of the framework it is possible to calculate how and to which extent certain behavioural changes can affect the consumers' average insurance service desire. Since our framework has been originally designed in a modular and flexible way, adding the proposed decoy effect extension is quite straightforward. Thus, the updated framework can now be used to explore and evaluate the effect of decoys on consumers insurance purchasing decisions. Fig. 4 shows a simplified Unified Modelling Language (UML) representation of the implementation. Here agents ("turtles" in Netlogo) represent the Consumers which are part of the overall Population. The population is divided in four classes, implemented by means of so-called breeds: "Poor", "MiddleClassLowers", "MiddleClassUppers", and "Rich". The socio-cultural and purchasing power factors (detailed in [13] ) are parameterised and implemented in "Population" and "Consumers". The decoy model presented in Section 2 is added to the behaviour of the agents representing the consumers, in the "CalculateDecisionToBuy" procedure. The price-quality trade-offs for services A, B, and for the decoy are calculated as indicated in Equations 1 and 2. The size of the social network of a consumer depends on the number of neighbours present in the adjacent cells (patches in Netlogo); this is implemented by means of the "count turtles in-radius" command. The price and quality of services A, B, and of the decoy are also parameterised and inherited from "Services", part of the "Pool of Services". Selecting Service A or B is calculated as per Equation 3. A screenshot of the Graphical User Interface (GUI) of the implementation can be seen in Fig. 5 . The GUI enables the user to vary the values of all parameters, either before starting a simulation or on the fly. The parameters related to the decoy effect extension are i) the price and quality of services A, B, and of the decoy and ii) the radius in which neighbours are counted and the corresponding threshold value. In order to run series of experiments and to have better control over the parameter variations, we use the "Behaviour Space" tool of Netlogo to automate the simulation and reporting processes, as in the example presented in the next section.
IV. EXPERIMENTAL RESULTS
The proposed model has been exposed to data from a real-life case, namely those of the insurance options proposed by a country-specific branch of a major car rental company (of which the name is not reported for anonymity reasons).
As can been seen in Table I , the company proposes two options, Collision Damage Waiver and Super Collision Damage Waiver, which are used as services B and A in our model, respectively. The price-quality trade-off of each option depends on the ratio between the premium paid for the service and the deductible (excess) paid in case the service is actually used. In this example, the price parameter for each service is defined as the premium paid for each option. Defining the quality parameter is more subtle and could be manifold as it depends on the coverage amounts and conditions of each service; for illustration purpose we define quality as the average value of the vehicles of each category minus the deductible (excess). The corresponding price-quality trade-offs (and their normalized values) are shown in Table II .
In what follows we present the results of two experiments. The purpose of the first experiment is to evaluate how the inclusion of a decoy service impacts the insurance purchase decision of the consumers. The population is composed of four categories: Poor (50 individuals), MiddleClassLowers (200 individuals), MiddleClassUppers (200 individuals), and Rich (50 individuals). As our goal is to observe the effect of the decoy effect only, we start by varying the price and quality of the decoy (0 to 100, step=1); all the other parameters are fixed and set to 100% (except network threshold, set to 0%); these settings ensure that all consumers behave equally. As they all have maximum income and since the threshold is set to 0, we also make sure that they will buy an insurance service; thus the experiment shows which service they will buy depending on the price-quality of the decoy only.
In the second experiment we also modify the value of certain socio-cultural parameters to evaluate their impacts on the decoy effect. In particular, we vary the radius and threshold of the social network and we set different income levels for the four consumer categories: price and quality of the decoy (0 to 100, step=1), radius (1 to 6, step=1), Poor (70%), MiddleClassLowers (80%), MiddleClassUppers (90%), and Rich (100%). The results of the first and the second experiments are shown in Fig. 6 and Fig. 7 , respectively, and discussed in what follows. The results of the first experiment illustrate the basic effect of modifying the price-quality trade-off of the decoy; the Pareto-like points show the price-quality combinations that should not be exceeded in order to promote Service B (CDW) or that should be exceeded to promote Service A. The extreme (price, quality) cases are (67, 1) and (47, 100), or after de-normalising the values, (21.1 euros/day, 244 euros) and (14.8 euros/day, 24400 euros), respectively. The other Pareto-like points are nearly linearly distributed in between.
In the second experiment, not all consumers behave equally: they do not all buy the same service (shown by the varying size of the points in Fig. 7) ; moreover, the individual insurance purchase preference is not only influenced by the price-quality trade-off of the decoy but also by the density of the social network of the consumers. As can be observed, gradually increasing the radius, i.e., the social interactions among consumers, makes that the consumers tend to buy service A (SCDW) more often when the price-quality trade-off of the decoy is high; this starts to be visible when the radius equals three and is clearly visible when the radius is equal to or larger than four.
All simulations have been carried out with a standard PC with a 2.8 GHz microprocessor and 4 GB RAM. The first experiment took ca. 3 minutes with 1 thread and ca. 0.75 minute with 8 threads. The second one took ca. 20 and 4 minutes, respectively. Memory usage peaked at 580 MB. This shows that the computational requirement for the framework is moderate and that it can benefit, to a certain extent, from a parallel processing architecture and the threaded execution supported by Netlogo's Behavior Space. Increasing the radius makes that consumers tend to buy this service more often when the price-quality trade-off of the decoy is high.
V. CONCLUDING REMARKS
The competitiveness of the insurance sector, among other things, increasingly relies on the ability to model, simulate and analyse the behaviour of its consumers. Our overall research effort is concerned with the conceptualisation of insurance consumer behaviour and the creation of models, methods, and tools that can improve its understanding.
In this paper we have presented our thoughts on the conceptualisation of insurance consumer behaviour and we have proposed a three-tier model that includes its core features as well as internal and external influencing factors.
We have then presented an extension to our existing framework for the exploration and evaluation of the decoy effect on consumers who consider the purchase of insurance services.
Experimental results show that the proposed model and its implementation can support understanding insurance consumer behaviour. Using real-life data we have illustrated how the effect of the price-quality trade-off of the decoy and that of the density of the social network of the consumers influence their behaviour. The results have also shown that the computational requirements are quite reasonable for a moderate-size problem.
Future work includes refining the current model of the decoy effect; for example, it would be valuable to calibrate and compare several models for a large set of cases so as to construct a more universal and robust solution by fine-tuning the individual parameters of the model.
